jug/ml. There was no known epidemiological relationship between any of the patients infected with the resistant strains, which belonged to a variety of T serotypes. A zonal pattern of resistance to lincomycin occurred in four strains, all of which were only slightly resistant to erythromycin. After incubation for 24 hr in a twofold dilution series of lincomycin in broth, the strains grew in 0.05 jAg or less/ml and in 50 and 100 ,&g/ml, but not in intermediate concentrations. Tests in agar indicated that the bacterial population of one strain, but not of the other three, was homogeneous in respect to its ability to grow readily in low and high, but not in intermediate, concentrations. The zone phenomenon is of significance in the clinical laboratory, since unawareness of it might result in a highly resistant strain being regarded as susceptible to lincomycin in tube or plate MIC tests that do not include sufficiently high concentrations of lincomycin.
Group A beta-hemolytic streptococci (Streptococcus pyogenes) isolated from clinical specimens are usually highly susceptible to lincomycin and erythromycin. This is fortunate since these agents are generally regarded as the antibiotics of choice in treating infections with S. pyogenes in patients for whom penicillin is contraindicated. But a few instances of naturally occurring resistance have been recorded. Erythromycin-resistant strains were reported from Britain in 1959 (14) , but the next reports were not made until 1968 when strains of group A beta-hemolytic streptococci resistant to both lincomycin and erythromycin were described from three countries: England (11, 15) , the United States (16) , and Canada (7) .
We report here the incidence of strains of S. pyogenes resistant to erythromycin or lincomycin that were isolated from clinical specimens in Alberta during the years 1968 to 1970, including the two strains previously described (7); and we describe and draw attention to unusual features of the pattern of resistance to lincomycin shown by four of the strains. 
MATERIALS AND MEHllODS
Isolation of streptococci. S. pyogenes was isolated from cotton-tipped swabs taken from patients for diagnostic or public health purposes. The swabs were inoculated on to 5% sheep blood-agar (Tryptoseblood-agar base with yeast extract; Difco) and incubated anaerobically for 18 to 24 hr. Group A betahemolytic streptococci were identified by precipitation with Group A antiserum (Wellcome) of bacterial extracts prepared by a modification (18) (ii) Lincomycin. The four strains highly resistant to both antibiotics and two of the strains with low erythromycin and high lincomycin resistance showed no unusual features in disc, tube The zonal pattern was first noted in tube dilution tests with strain 6517. After incubation for 24 hr, tubes containing 0.006 to 0.05 ,g of lincomycin/ml showed turbidity, the next few tubes in a series were clear, but turbidity occurred in tubes containing 50 or 100 ,ug/ml, or both. Initially thought to be caused by laboratory contamination, the results were found to be reproducible, and subculture from the turbid tubes showed a pure growth of the streptococcus. Similar results were obtained in tests with two different lots of lincomycin powder supplied by the manufacturer. The findings in a test with strain 6517 (type M-; T3/13/B3264) are expressed graphically in Fig. 1 three strains is thus heterogeneous in respect to its ability to grow in the presence of high lincomycin concentrations.
Organisms of strains 6517, 10416, and 36717 taken from colonies that had grown on 100 ,ug of lincomycin were suspended in broth and reexamined for their ability to grow on a wide range of lincomycin in pour plates. Results showed that prior growth on 100,g lincomycin did not alter the subsequent pattern of growth of any of the strains on lincomycin-containing media.
In disc susceptibility tests with 2-,ug discs on sheep blood-agar, the homogeneous strain (6517) showed dense growth near the disc surrounded by a colony-free zone and beyond that an outer area of growth. The heterogeneous strains (10416, 36717, and 8374) showed only occasional colonies, and in some tests none, near the disc in an other- wise wide zone free from visible growth similar in size to that of a susceptible strain. In disc tests with lincomycin, the resistance of such strains might be overlooked. (However, the zone of inhibition of these strains in a disc test with erythromycin was distinctly narrower than that of susceptible strains.)
The possibility of the zone phenomenon being the result of an impure culture was excluded by repetition of the tests a number of times with subcultures taken from single colonies. To (6) . The incidence of resistant streptococci in our present study is low, and there was only a slight increase in their frequency during the 3-year period; but in view of the relatively short period that elapsed between the first report of a tetracyclineresistant S. pyogenes in 1954 (13) and the finding that in some areas 20% of strains isolated were resistant (12), the situation deserves careful observation. The isolation of highly resistant strains from two patients who had received neither lincomycin nor a macrolide antibiotic in the preceding 3 months is noteworthy. These two patients lived hundreds of miles apart, and their strains had different T antigens. Sensitivity ofS. pyogenes to erythromycin or lincomycin should no longer be assumed by either the bacteriologist or the physician but should be confirmed by laboratory testing.
The fact that the 10 resistant strains reported here showed resistance to both erythromycin and lincomycin was not unexpected in view of reports of naturally occurring cross-resistance between these antibiotics in other bacterial species, such as Staphylococcus aureus (5) and Diplococcus pneumoniae (6) . The reason for these two chemically dissimilar antibiotics often being cross-resistant is almost certainly related to the fact that both antibiotics bind to the 50S subunit of the bacterial ribosome. Competition between them for the ribosomal binding site has been noted in some bacterial species (4) .
The explanation for the zonal pattern of behavior of four of our strains when tested with lincomycin, but not with erythromycin, has not yet been elicited. It was shown not to be due to our cultures containing a mixture of strains, such as was the case in an instance reported by Waterworth (17) in which unusual results, resembling ours, occurred in an agar-well susceptibility test of a staphylococcus. Nor is the phenomenon the result of inactivation of certain concentrations oflincomycin by the strains. The presence of some biologically inactive impurity in the lincomycin powder that might bind to the ribosomal receptors at certain concentrations and so block the action of the lincomycin has not been excluded. But the zone phenomenon is restricted to four of the strains and was noted to occur with two batches of lincomycin powder supplied by the sole manufacturers who were asked to supply the purest possible preparation. Observations were made by Eagle and Musselman (9) , and subsequently discussed in detail by Eagle (8) , on a paradoxical zone phenomenon that occurred when certain bacterial strains, including some streptococci, were exposed to increasing concentrations of penicillin. Increasing the penicillin concentration reduced the death rate of the organisms, but the bactericidal action continued progressively even in the high concentrations. This contrasts with the zone phenomenon that we report, in which the streptococci not only survived in high concentrations of lincomycin but actively multiplied. Unusual behavior of other bacterial species in the presence of antibiotics has been reported, but not a zone phenomenon identical to ours. A strain of Serratia marcescens studied by Annear and Hudson (2) behaved similarly to our strains in disc or cup susceptibility tests on agar when tested with colistin, but in an agar plate dilution test they reported the strain as highly resistant and made no mention of a zonal or other unusual pattern of resistance. Unusual forms of resistance of S. aureus to erythromycin or lincomycin have been reported by Garrod (10) and by Benner and Adams (3), but neither occurrence was similar to that reported here.
Whatever the explanation for the zonal pattern of resistance to lincomycin exhibited by four of our strains, this unusual behavior is of some practical importance in the diagnostic microbiology laboratory. Unawareness of it might result in a highly resistant strain being regarded as susceptible to lincomycin in tube or agar plate susceptibility tests that do not include high antibiotic concentrations or are not incubated for longer than 24 hr. For example, the concentrations of lincomycin suggested as suitable for use in routine agar plate susceptibility tests in a recently published manual of clinical microbiology (1) are 10, 5, 1, and 0.1 ,ug/ml. With such a range of concentrations, our four resistant strains exhibiting the zone phenomenon would be regarded as susceptible. Since concentrations of lincomycin of 50 or more ,g/ml are unlikely to be achieved in the blood or tissues of patients during therapy, the clinical significance of this unusual form of resistance is not known. But until it is shown to be of no consequence it should be sought, and infections caused by organisms possessing the zonal resistance pattern must be regarded as being unlikely to respond to lincomycin therapy.
